ABSTRACT Gas phase pyrolysis of o-hydroxybenzyl alcohol at 750'C gave o-quinonemethide, which, on isolation, formed a mixture of the corresponding dimer and trimer. However, pyrolysis of o-hydroxy[1(4-pentenyl)Jbenzyl alcohol permitted intramolecular trapping of the intermediate o-quinonemethide, giving 3,4-trimethylene-3,4-dihydrobenzochroman. In contrast, gas phase pyrolysis of o-mercaptobenzyl alcohol readily gave benzo[blthiete in good yield. The pyrolysis makes this interesting highly strained molecule readily available for study and synthetic application. Preliminary results showed that benzol bthiete readily undergoes thermal dimerization, ringopening reactions with nucleophiles, and a variety of DielsAlder reactions.-
The gas phase pyrolysis of o-chloromethyltoluenes (1) has been developed as a convenient preparation for benzocyclobutene (1) and its derivatives (2, 3) . Further, the valence tautomerization of benzocyclobutenes (2) to o-xylylenes (3) provides reactive intermediates for either cyclodimerization or Diels-Alder reactions. The cyclodimerization reactions of o-xylylenes have been employed for the synthesis of novel molecules of theoretical interest (4) (5) (6) (7) (8) , whereas the Diels-Alder reactions of oxylylenes have been widely used for syntheses of natural products (9, 10) . It was of interest to see whether the gas-phase pyrolytic approach, which has proved to be so convenient for the preparation of benzocyclobutenes and their employment in various syntheses, could be extended to the corresponding oxygen and sulfur analogs. The generation of o-quinonemethide 7, both photochemically and thermally, has already been described. The pyrolysis of o-hydroxybenzyl methyl ether (6a) to give a mixture of the dimer 8 and the trimer 9, presumably via the intermediate o-quinonemethide 7, has been reported by Cavitt et al. (11) . Also, Chapman and McIntosh (12) have described the irradiation of benzofuran-2(3H)-one (10) at 77 K, followed
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 (17, 18) found that thianaphthene-1,1-dioxide (19) , on pyrolysis at 1000'C, underwent a very unusual rearrangement to give benzo [b] thiete (20) . 22 (14) have reported that irradiation of 2-phenyl-3,1-benzoxathian-4-one (26) in an infrared cell at 77 K gave a product whose spectrum was in accord with that expected for 2-thiobenzpropiolactone (27). When the cell was warmed to -400C, the product isolated was 28. Recently, Schulz and Schweig (19) have observed that the introduction of thiosalicylic acid (29) into a photoelectron spectrometer at 600'C gave a spectrum that they assigned to 2-thiobenzpropiolactone (27). We have now found that benzo[bJthiete can be prepared very simply in good yield by the gas-phase pyrolysis of the readily available o-mercaptobenzyl alcohol (21) . Thus, this interesting small-ring heterocycle is readily available in quantity. We presume that o-thioquinonemethide (17) is an intermediate in the formation of benzo [b] thiete (20) .
Certainly, an easy valence tautomerization between benzo[b]thiete (20) In view of these results, we investigated the gas-phase pyrolysis of thiosalicylic acid (29) at 7750C and 0.01 mm pressure. The only product isolated was 9-thioxanthone (32). This rather surprising result can be rationalized by assuming the initial elimination of water gives ketene 30, which, in equilibrium with 2-thiobenzpropiolactone (27), loses carbonyl sulfide to give benzyne (31), and the condensation of 30 and 31 then yields 9-thioxanthone (32). Mass spectra were obtained by using a CEC-21B-100 instrument set at 70 eV.
Pyrolysis of o-Hydroxybenzyl Alcohol. A 500-mg sample of commercially available o-hydroxybenzyl alcohol (6b) was placed in the preheater section of a pyrolysis apparatus with the furnace set at 650'C. Sublimation of the sample into the hot zone at 0.008 mm pressure occurred smoothly with the preheater set at 850C. The pyrolysate was collected on a cold finger held at -20'C. When the pyrolysis was complete, the light yellow pyrolysate was washed off the cold finger with dichloromethane and the dichloromethane washings were concentrated to give 365 mg (85%) of a white crystalline solid. A 60-mg sample of this product was separated into two components by preparative thin-layer chromatography over silica gel using dichloromethane for elution. The first fraction (RF = 0.82) of eluate gave 37 mg (62%) of 9 as white crystals: mp 185-186'C [literature (11, 12) When the pyrolysis was repeated with a film of a dienophile (ketene methyl acetal, isopropenyl methyl ether, and the enamine derived from cyclohexanone and pyrrolidine were all tried) coating the cold finger of the collector, the only products to be isolated on work-up as before were 8 and 9.
o-Hydroxyphenyl(4'-pentenyl)carbinol, 13. To a stirred mixture of 100 mg of magnesium turnings in 30 ml of tetrahydrofuran under a nitrogen atmosphere there was added a solution of 600 mg of 4-pentenyl bromide (20) in 15 ml of tetrahydrofuran. After the solution had been boiled under reflux until almost all of the magnesium had dissolved, it was cooled to 00C and a solution of freshly distilled trimethylsilylsalicylaldehyde (12) in 10 ml of tetrahydrofuran was added dropwise with stirring. After the addition was complete, the solution was boiled under reflux for 2 hr and cooled. The solution was then taken up in 50 ml of ether and washed successively with water, two 10-ml portions of a 3 M aqueous hydrochloric acid solution, and water. After the ethereal solution had been dried and concentrated, the residual oil was taken up in ether and passed over a short silica gel column. The product from the ether eluate was then purified by preparative thinlayer chromatography over silica gel, using ether for elution. Pyrolysis of o-Hydroxyphenyl(4'-pentenyl)carbinol, 13. A 200-mg sample of 13 was placed in the preheater section of a pyrolysis apparatus, the pressure was reduced to be 0.01 mm, the furnace was set at 7000C, and the temperature of the preheater was slowly raised to allow distillation of 13 into the furnace. The pyrolysate was washed off the collector with chloroform and then purified by preparative thin-layer chromatography, using chloroform for elution to give 15 as 22 mg (12%) of a colorless oil: 'H NMR, ( 1.86-2.44 (6H, m, CH2), 3 .62 (1H, m, -CH -), 3.77 (1H,m, JH-Hb=6Hz, -CH-), 3.92 (2H, t, J = 5 Hz, -OCH2-), and 6.94-7.32 (4H, m, aromatic H); mass spectrum, m/e (relative intensity) 174 (49), 160 (38), 146 (28), 144 (16), 132 (100), and 118 (68). The coupling constant (6 Hz) for JHaHb is in agreement with the values found for other cts-fused five-and six-membered rings (21) .
Pyrolysis of o-Mercaptobenzyl Alcohol (21) To Give Benzolblthiete, 20. A 1.00-g sample of o-mercaptobenzyl alcohol (21)t was placed in the preheater section of a pyrolysis apparatus under 0.01 mm pressure with the furnace set at 7000C. The temperature of the preheater was slowly raised to allow smooth distillation of 21 into the hot zone. From the pyrolysate there was isolated 580mg (68%) of pure 20 (20) in 200 ml of xylene was boiled under reflux under a nitrogen atmosphere overnight. After removal of the solvent, the residual solid was purified by preparative thin-layer chromatography over silica gel, using chloroform for elution, to give 211 mg of pale yellow needles mp 74.0-76.5°C; 'H NMR, 6 (20) (22) , 136 (20) , 108 (23) , and 96 (34).
